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Abstract 
Methyl tert-butyl ether (MTBE) is an organic compound toxic and very soluble in water. When MTBE-contaminated water is 
available, it requires some method of decontamination.  The Fenton method is used in environmental remediation and water 
treatment with low contaminant concentrations. In the search to extend the field of application of this methodology, they were 
begun to use catalysts in solid phase, particularly, metallic Fe nanoparticles (ZVI).  
In our laboratory we have prepared and characterized a supported catalyst (ZVI on a natural zeolite) that was studied for benzene 
degradation in experiences in batch and in fixed bed (continuous system) with interesting results. A similar set up was designed 
for the experiences described in this paper where aqueous solutions of MTBE with different concentrations were employed. The 
pH was regulated at 3.5 with a buffer.  
 Bubble detachment was observed from the catalyst located in the bottom of the erlenmeyer demonstrating an important MTBE 
mineralization degree. Secondary products of degradation were detected and characterized. For experiences in batch, the MTBE 
removal was 45 % approximately in 24 hours. MTBE degradation in columns after the first hour is higher than the observed in 
the batch system although it raises a degradation degree in the order of 52% during the entire run. 
© 2014 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of the scientific committee of SAM - CONAMET 2013. 
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1. Introduction 
A large portion of groundwater contamination involves organic pollutants. Methyl tertiary butyl ether (MTBE) is 
an oxygenated organic compound, formulated C5H12O, used as an additive in gasoline to increase the octane number. 
It is a flammable liquid, toxic, quickly evaporates from open containers and surface water, very soluble in water (42 
g / l) and can remain in groundwater over time. It may stick to particles in water, which will eventually produce the 
deposit in the bottom sediment. 
Different methods were reported by Masomboom et al. (2009) for MTBE degradation. Mitani et al. (2002) 
studied the kinetic behavior of MTBE degradation products when it reacts with ozone and ozone/hydrogen peroxide 
in water. 
Fenton Method is used for environmental remediation, particularly in water treatment with low contaminants 
concentrations as described by Jin Anotai et al. (2010), or with recalcitrant or shortly attackable ones. Burbano et al 
(2005) reported novel results with MTBE.  
The Fenton reaction (1894) is defined as the catalytic generation of hydroxyl radicals ( xOH ) from the chain 
reaction of ferrous ion (Fe2+) and hydrogen peroxide (H2O2) in an acid medium as reported by Neyens and Baeyens 
(2009), Kang and Hoffman (1998) and Botas et al.(2010). The reaction can be initiated in the presence of ferric ion, 
according to Eq (1): 
 
                                                         (1) 
 
  (2) 
 
Equation (2) represents the ferrous ion catalyst regeneration. 
Although both equations (1) and (2) originate two radicals ( xOH and x2HO ) respectively, the first one is more 
reactive. These radicals oxidize many organic compounds and in many cases produce the complete oxidation to 
2CO  and. OH 2  
The hydroxyl radical is non-selective and it reacts according to the following general mechanism: 
 
                                                                                                                                                                          
(3)
  
     Where yx HC   is a generic molecule of an organic compound. 
A disadvantage of this method is the homogeneous phase oxidation of Fe2+ from the solution and the 
contamination of the effluent treated with iron salts. 
In order to expand the scope associated with these methodology solid-phase catalysts, particularly metallic Fe 
(ZVI) nanoparticles, were explored by Bergendal and. Thies (2004). 
In earlier works Russo et al. (2013) reported an alternative natural support loaded with iron catalyst as a catalyst 
to mineralize Fenton benzene in aqueous solutions, leading to promising results. In this paper we explored this novel 
system to remove MTBE using Fenton reagents and we analysed the possible degradation products in both statically 
and dynamical experiments. We also suggested a possible mechanism for MTBE degradation 
 
2. Materials and Methods 
 
2.1. Reagents: 
    MTBE (pa) was provided by Carboclor SA. Aqueous solutions, with concentrations between 11mM - 2.3 mM 
(1000 ppm - 180 ppm) were prepared immediately before each experiment. Fenton reagents consist in a solution of 
hydrogen peroxide 30% w / w pa and a buffer acetic acid / sodium acetate (pH = 3.5) (Sigma -Aldrich). 
   Batch experiments (MB) and in columns (MC) were carried out from aqueous solutions to study degradation 
MTBE, testing different experimental variables. Temperature was controlled at 20°C. 
 
2.2 . Catalyst : 
   For batch experiences iron was used as a catalyst in two states 
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x ferrous salts solution 
x metallic iron (ZVI) supported on natural zeolite (NZ-Fe) . Natural zeolite (NZ ) ( provided by Diatec SRL ) 
was grounded , sieved , washed and then loaded for 24 h with a solution of ferrous sulphate 0.14 M, as it 
was previously detailed by Russo et al. (2013). Fe (II) reduction in the zeolite was conducted by dosing a 
basified solution of sodium borohydride 0.5 M. 
 
2.3 Characterisation of the catalyst and degradation products: 
   NZ- Fe catalyst was characterized by XRD, SEM, EDAX and Fe content was determined by titration techniques 
with potassium dichromate (Skoog and Holler (1997)).  
   Sample analysis of MTBE solutions and their degradation products were performed by gas chromatograph with 
the following features: Polar type column, Supelco C10 60 m long, 250 microns in diameter, 0.25 micron film 
thickness. Flame ionization detector (FID, for its acronym in English ) at 250 ° C , with an injection of 0.2 ml, split 
ratio of approximately 30:1, injector temperature 200 ° C, oven temperature constant at 100 ° C. 
 
2.4 . Static Batch (MB): 
  The MTBE solutions were placed in different arrangements (Fig.1) to explore MTBE behaviour under different 
experimental conditions. Experiences are described in Table 1. Initial concentration of MTBE= 900 ppm. Samples 
were collected from each system at 1 contact hour and 24 hours. 
 
 
Table 1.Description of batch experiences (MB)  
 
  
Experiences 
MBI MBII MBIII MBIV MBV MBVI 
MTBE (10.2 mM) X X X X X X 
NZ (75 g/L) - - X X - - 
H2O2  (22 mM) - X - X X X 
Buffer (c.p) - X - X X X 
Ferrous sulfate (39 
mM) - - - - X - 
NZ-Fe (75 g/L) - - - - - X 
 
 
 
 
Figure 1. Batch experiments arrangements 
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2.2 Dynamic system (MC): 
   Two different MTBE concentrations were tested: 11mM and 2.3mM. Feed solution: 10 ml hydrogen peroxide 
(30%) in 200 ml of MTBE aqueous solution, pH (3.5). A glass column filled with zeolite was employed as reported 
by Russo et al (2013). Samples were collected during 500 min. Residence time was near 37 min 
  The experiments detailed in Table 2 were designed to assess the influence on performance of H2O2/MTBE ratio 
(Table 2).  
 
                                                           Table 2. Description of column experiences (MC)  
Experiences [MTBE]0 (mM) [H2O2]/[MTBE] 
MC.I 11 ~ 40 
MC.II 2.3 ~ 200 
 
3. Results and Discussion 
Chromatograms (see 2.3) were analyzed for all samples. 
 
3.1. Static Batch (MB):  Fig.2 and Table 3 summarize the experiences MB. Results for each experimental state are 
detailed in Table I. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Batch experiences (MB) results 
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Table 3. MTBE removal in Batch experiences (MB)  
  
E xperienc es  
MBI MBII MBIII MBIV  MBV  MBV I 
% MT BE  removal 13 14 9 15 100 45 
 
 
The initial MTBE solution coexists with a low tert-butyl alcohol (TBA) concentrations (6%) of and methanol 
as:  
 
            OHCHCOHCHCOCHCH 333333                                                                              (4) 
 
MBI: After 24 hours, a decrease of 13% in MTBE concentration was observed. It may be due to a steaming 
process. 
MBII: In the presence of Fenton's reagent (hydrogen peroxide and buffer) small fluctuations MTBE 
concentration can be associated with a slow -oxidation degradation mechanism as side products as acetates 
appear. After 24 hours the amount of MTBE decreases (14%) while the concentration of TBA and acetone 
increase. Some degradation occurs here probably caused by the hydrogen peroxide oxidation capacity at slow 
speeds. 
MBIII: Some degradation of MTBE is discarded in this experiment as the concentration of TBA or acetone 
does not alter. MTBE variation (9%) may be associated with the selective adsorption of the NZ by water and / 
or MTBE.  
MBIV: After 24 hours it is noticed that the amounts of TBA and acetone increased which is related to MTBE 
degradation. Total MTBE removal is 15%. Considering that about 13 % is lost by evaporation only 2% may be 
associated with the catalytic action of Fe 3 + (Fenton like) present in the zeolite structure. 
MBV: There was complete mineralization of MTBE in the presence of ferrous ion. This system corresponds to 
the homogeneous Fenton process. Although it seems very efficient, the soluble iron contaminates the reaction 
products (homogeneous catalysis). However it is interesting to note that despite all MTBE was consumed 
(100%) acetone remains as a by-product. 
MBVI: the system has Fenton reagents and ZVI inserted into zeolite. At 24 hours, a removal of about 45 
percent in MTBE was obtained. Acetone and TBA concentration increase, reaching TBA 14 ppm at 24 hours. 
 
3.2. Dynamic Determinations (MC): 
  Two different MTBE initial concentrations were tested for 420 min in order to explore the influence of 
[H2O2]/[MTBE] ratio. Table 4 presents the experimental results for each initial condition. 
 
Table 4. Column experiences (MC) results 
 
Experiences 
[MTBE]o 
(ppm) 
 
 
[H2O2]/[MTBE] Overall Removal % 
MC.I 1000 
~40 
51.3 ± 0.5 
MC.II 200 
~200 
38.8 ± 2.7 
                                             
 
Fig. 3 shows the % MTBE removal eluted from the head of the column for both explored concentrations  
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Figure 3. MTBE (MCI y MCII) removal  
 
  Figure 3 shows that for low [H2O2]/[MTBE] ratio (MC.I),  MTBE removal reaches 51.3 % of the initial 
concentration, whereas starting with higher values (MCII), after 400 min, only around the 40 % is reached. The 
percentage is superior to the one reported either by Kan et al. (2009) or by Huling et al. (2007) as they obtained a 
degradation of 35.1% and 29% respectively using nanoparticles of ZVI supported in activated charcoal starting 
from low initial MTBE solutions (1.8 ppm) which is translated in a very high [H2O2]/[MTBE] ratio. 
  It is important to emphasize that the MTBE solution concentration used in this work is near a thousand time 
greater than the concentrations of MTBE reported in other works as reported by Burbano et al. (2005) and Mitani 
et al (2002). The performance of experience MCI surpasses to the MCII and the degradation in stationary state is 
greater. These results can be understanding taking in account that an excess of hydrogen peroxide inhibits the 
production of hydroxide radicals (HO°). These experimental results suggest that [H2O2]/[MTBE] must be lower 
than 200. 
  Secondary products, due to the incomplete degradation of the MTBE, were detected in batch (MBVI and 
MBVII) and in column (MCI and MCII) experiments. Notwithstanding, the proportion of these compounds is 
low.  
  Figure 4 shows the profiles of MTBE (MCII) and two main secondary products: TBA and acetone. Both of them 
appear after 50 min. The quantification of secondary products to the 400 minutes indicates that only the 10-15% 
of the degradation of MTBE happens through them whereas 85-90% comes with complete mineralization. 
 
           MC I 
               MC II 
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Figure 4. MTBE degradation, TBA and Acetone profiles for MCII 
 
One sets out on the basis of the obtained results, a degradation sequence according to: 
 
MTBE → TBA → Acetone →Acetic Acid→ CO2 + H2O                                                                   (5) 
 
 
     CO2+ H2O                                                                                                                   
 
  The greater proportion of MTBE is degraded with complete mineralization as it shown in scheme (5). 
The degradation of the polluting agent in column is superior to the obtained one in batch in similar conditions of 
volume treated (1 hour to circulate around column approximately 30 cm3/hour of the 50 cm3 of batch) being 
about the order of 90% for first and the order of 10% for the second. 
  We continue working by means of experiences in column, in order to optimize the process and to explore the 
complete degradation mechanism. 
 
4. Conclusions 
 
  Although hydrogen peroxide produce some MTBE degradation (MBII), the presence of iron is necessary for 
Fenton reaction. Experimental results show that 2% of MTBE degradation occurs as Fenton like (MBIV), 100% 
proceeds in homogeneous phase (MBV) while the 45% of MTBE disappear when a heterogeneous system 
(MBVI) is employed. Notwithstanding the effectiveness of homogeneous Fenton, we observed that in this 
process dramatically increases iron aqueous concentration while this disadvantage was not observed in the 
heterogeneous system, as iron is not significantly release.  
  The degradation of the polluting agent in column is superior to the obtained in batch in similar conditions of 
treated volume.  The dynamic method sets out to decontaminate great water volumes, in an efficient and safe 
form since there is no iron contribution to the effluent. The greater proportion of MTBE is degraded with 
complete mineralization as the degradation products is under 15%. We continue working by means of 
experiences in column, in order to optimize the process. 
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